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PREFACE

In May, 1988 a “Workshop on Instrumentation for Future Parallel Computing
Systems” was held in Santa Fe, New Mexico. The workshop was organized
to exchange ideas among designers of hardware and software for high perfor-
mance parallel computer systems, users of such systems, and members of the
research community. Performance evaluation of parallel computer systems is
a complex process; the main challenge in this area is the development of the
required performance evaluation methods and tools to keep pace with the ex-
plosion of new system designs brought about by rapid technological advances.
The next generation of high performance machines will likely all be parallel
supercomputers. In order to effectively evaluate the performance of the current
and future workloads on these systems, new kinds of measurement techniques
and data will be necessary. Performance instrumentation, both hardware and
software, on existing parallel systems is inadequate at best, or nonexistent.

The goal of the workshop was to clarify the desirable and feasible features
of instrumentation for high performance computer systems, and to determine
what should therefore be included in future system designs. The availability of
integrated basic hardware and software for the collection of performance data
would not only teach us how to program such systems more effectively, but
would also lead to the design of more effective systems. To achieve this goal a
group of designers, researchers, and users of such systems were invited to two
intense days of presentations and discussion sessions.

For the discussions, participants were divided into three working groups:
those interested in multiprocessors with common memory, a group concerned
with parallel computers with distributed memory, and a group evaluating the
special needs of dataflow computers. Each group was asked to consider the
following questions during their discussions:

vii
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1. What quantities are necessary to characterize the performance of parallel
computing systems?

2. If you could choose an ideal list of quantities that you would like to see
measured, what would you choose and what priority would you give to
each of these choices?

3. Which of the above quantities must be measured simultaneously?

4. Measurement tools usually distort the behavior of the system being mea-
sured. How much distortion is tolerable and how can it be minimized or
corrected for?

Among the results of the workshop were two lists: a minimum set of mea-
surement tools that are a necessity for future systems, and an additional set of
measurement tools that would be highly desirable beyond this minimum set. The
interaction between designers and users brought about the realization that many
needs are common to both groups. The participants felt that this interaction also
further deepened their knowledge of and appreciation for each other’s positions
and problems. The hardware designers better understood the limitations of soft-
ware and the software designers felt that they gained insight into the problems
presented by hardware. Users and researchers had an opportunity to make their
needs and wishes known to both groups.

This volume contains both the papers presented at the general sessions of
the workshop and summaries of the working group discussions. The book should
be of interest to hardware and software designers of parallel computing systems,
to users looking for a deeper understanding of system performance and striving
to improve that performance, and to advanced students who wish to gain insight
into the performance evaluation of parallel computer systems.

The papers included in the book were selected for their relevance to the
questions posed by the workshop. The breadth of interest and expertise repre-
sented at the workshop is reflected in the range of papers chosen. The collection
as a whole provides a description of the challenges and opportunities facing each
of the groups of workshop attendees: designers, researchers, and users. The pa-
pers are organized into roughly two groups: those with proposed or existing
instrumentation systems, and those relating experiences with such systems.

The first three chapters in the book present are keynote addresses that give
details of the two best instrumented research systems in existence today: the
Cedar project at the University of Illinois and the RP3 project at IBM. The first
chapter relates the approaches taken in the implementation of instrumentation
for the multiprocessor Cedar. One of the goals of the Cedar project was to build
a prototype of a “performance instrumented computer” that offers the user the
ability to observe parallel operation at various levels of detail. The next two
chapters are concerned with the IBM multiprocessor project, RP3. Chapter 2
describes the performance monitoring hardware of the RP3. The RP3 system
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supports both a shared-memory and a message-passing paradigm. Performance
monitoring instrumentation was included in the design phase of the machine in
order to satisfy the primary goal of understanding parallel hardware and soft-
ware. A methodology for analyzing the performance of parallel applications is
presented in Chapter 3. Performance analysis of parallel applications is consid-
ered from two points of view: that of the application programmer and that of
the hardware designer.

Chapter 4 discusses the visualization tools and design approach for perfor-
mance instrumentation in the Cedar project. This chapter addresses the problems
posed by the volume of data from performance measurements. These data must
be presented in ways that emphasize important events and elide irrelevant data.

Chapter 5 presents an intriguing proposal to those who desire better instru-
mentation for debugging, program analysis, and performance tuning.
Papadopoulos suggests that the perceived need for dynamic and specific instru-
mentation “is an artifact of the mismatch (and inadequacy) of current parallel
programming languages and processor architecture.” He proposes that determi-
nate debugging, theoretical performance prediction, and relaxed execution in-
strumentation can be accomplished through declarative languages and dataflow
machines.

In response to the first question posed to the working groups, Chapter 6
lists the minimum set of instrumentation that Gaither finds necessary for shared-
memory parallel systems.

Bohm, et. al. state in Chapter 7 that the key problem inhibiting effective
use of parallel computer systems is the absence of tools to support the pro-
cess of mapping an application onto the parallel resources of a machine. They
present the “levels of abstraction” view of parallel computer systems that helps
to organize and structure an understanding of these systems and to categorize
the debugging and monitoring tools needed to visualize program and machine
behavior.

Chapter 8 describes the implementation of measurement support for soft-
ware performance tuning on the 32 processor, shared-memory M31 VAX. It also
discusses the problem of distortion posed in the fourth question to the working
groups.

Carpenter presents a range of approaches to performance measurements in
Chapter 9. This chapter also addresses the problem of the perturbations caused
by performance measurements.

The next four chapters discuss performance instrumentation from the users’
point of view. Chapter 10 discusses the instrumentation necessary for measur-
ing barrier performance to determine the effect on the performance of a paral-
lel program. Barriers are a convenient synchronization mechanism for parallel
programs. In Chapter 11, Nelson describes his experiences with the hardware
performance monitors on the CRAY X-MP at Lawrence Livermore National
Laboratory. Chapter 12 discusses the problems encountered in parallelizing a
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large scientific code orginally written for a serial machine. Mandell and Trease
list the software tools that would help in the development of large parallel codes.
In Chapter 13 Kinoshita describes the ANALYZER/SX, a performance tuning
tool available on the NEC series of supercomputers. This tool provides both
a static and dynamic analysis of a computer program. He discusses program
optimization through vectorization and tuning.

The common memory working group focused their discussions in two ar-
eas: measurement and tuning of applications’ performance on current and future
systems, and the performance analysis of hardware and software to identify bot-
tlenecks in both the computer system and the application. Chapter 14 considers
data available from existing instrumentation and the information that is currently
not available in these two contexts.

In Chapter 15, Reed begins with a review of distributed-memory systems,
including proposed communication paradigms and commercial systems. He then
covers the issues relevant to distributed-memory performance instrumentation
from the working group’s perspective.

Dataflow architectures have major consequences for performance measure-
ment and evaluation. Chapter 16 covers the discussions concerned with perfor-
mance techniques and tools most appropriate to dataflow computers. McGraw
gives some brief background information on dataflow computing and goes on
to address the issues raised and to present possible techniques for performance
evaluation of dataflow systems.
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FOREWORD

Time. Where does it go? We often ask ourselves this question, partly in the
hopes of catching some of the elusive quantity that slips by us and partly to do
better in utilizing it the next day. Those of us in the business of supercomputers
can justifiably ask the same question and for the same reasons as we try to
obtain optimal performance out of the machines and the applications that are
executed on them. Where does the time go? Where is it spent?

In an attempt to get a better handle on this process of measuring super-
computer performance, we sponsored a workshop on instrumentation of super-
computers. Experts in hardware and software aspects, as well as major users of
supercomputers, were invited to attend. Both the current status of instrumenta-
tion monitoring and needs for the future were discussed. This book represents
the proceedings of that first workshop, both in the form of presented papers and
synopses of workshop discussion groups.

February 1989 Ann H. Hayes

xiii



Instrumentation
for Future Parallel
Computing Systems



CONTENTS

CHAPTER 1

CHAPTER 2

Multiprocessor Instrumentation:
Approaches for Cedar
Allen D. Malony

1.1
1.2
13
14
1.5
1.6
1.7
1.8
1.9

Introduction

The Cedar System

Cluster Concurrency Instrumentation
Timing Instrumentation

Profiling Instrumentation

Tracing Instrumentation

Execution Flow Analysis

Hardware Instrumentation

Conclusion

RP3 Performance Monitoring Hardware
William C. Brantley Kevin P. McAuliffe

21
22
23

Introduction
Overview

Events Monitored

o ~ N

15
19

26
31

35

35
37
39

XV



xvi  Contents

24  Sample Data 41
2.5  Desirable Features not Included 42
CHAPTER 3 Parallel Applications Performance

Methodology 49
Frederica Darema
3.1 Introduction 49
32  Performance Objectives 50
3.3  Performance Methodology for Parallel

Applications 50
34  Tools for Measurement and Analysis 51
3.5  Scaling Methods for Performance

Predictions 53
3.6  Summary 56

CHAPTER 4  Visualizing Parallel Computer System

Performance 59
Allen D. Malony Daniel A. Reed

4.1 Introduction 59
4.2  Experimental Performance Analysis 61
43  HyperView: A Hypercube

Visualization Tool 64
44  Application Performance Displays 74
4.5  Current Research 81

CHAPTER 5 Program Development and Performance
Monitoring on the Monsoon Dataflow
Multiprocessor 91
Gregory M. Papadopoulos

5.1 Introduction 91
5.2 Getting the Program Right 94
5.3  Predicting Performance 95

54  Hardware Support for Idealized
Execution 103



Contents  xvii

5.5  Instruction Coloring 107
5.6  Performance Monitoring 108
5.7  Conclusion 108
CHAPTER 6  Instrumentation for Future Parallel Systems 111
Blaine Gaither
6.1  Introduction 111
6.2  Parallel Processing Instrumentation 112
6.3  Requirements for Instrumentation 113
6.4  Gould NP1 Instrumentation 113
6.5  Parallel System Instrumentation 115
6.6 Implementation 118
6.7  Conclusion 119
CHAPTER 7 Monitoring Experimental Parallel Machines 121
APW.Bohm JR.Gurd M.C. Kallstrom
7.1  Introduction 121
7.2  The Manchester Dataflow System 123
7.3  ParSiFal 131
7.4  Conclusions 137
CHAPTER 8  Instrumentation for Application
Performance Tuning: The M31 System 143
Matthew Reilly
8.1 A Statement of the Problems 143
8.2  Useful Features for a Measurement
System 145
8.3  An Experimental Implementation 146

84 Some of the Lessons Learned 156



